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[57] ABSTRACT 

The present invention relates to an accumulation mode 
charge injection device utilizing the extrinsic photo~ 
conductivity of a doped semiconductor material to 
sense infrared radiation. The device is operated at 
cryostatic temperatures to preclude thermal ionization 
of the impurity sites and majority carriers are produced 
by IR photons interacting with these sites. The device 
utilizes a metal-oxide-semiconductor structure to accu 
mulate the IR photon induced majority carriers at the 
semiconductor oxide interface under a ?rst bias condi 
tion. When the bias is reversed the accumulated 
charges are injected into an output electrode. The sen 

3,786,263 111974 Michon ............................. .. 357/24 SOY may be used singly or in arrays of Similar Sensors‘ 
3,864,722 2/1975 Carries .... .. 250/370 

3.873.836 3/1975 Greene 250/370 
3,882,531 5/1975 Michon ............................. .. 357/24 6 Claims, 11 Drawing Figures 

SENSOR I_Q_ 

GATE 0 

5'02 LAYER '2 CONTACT ,3 CRYOSTATIC ~9 
'7 ~ COOLER 

EXTRINSIC ' 

2W sem- _; . SAMPLEU~27 
~s \ CONDUCTOR II ____ " “HOLD 

26 23 \ VIDEO 
BIDIRECTIONAL TRANSPARENT \ OUTPUT 

DR'VE CONTACT I4 
PULSE IR 

! 25~ ~24 

I6 -_|_[_:2, , 

Watt-a0" SOURCE 



US. Patent Jan. 18, 1977 Sheet 1 of3 4,004,148 

$E~$OR Q FIGJ. 

GATE 
CONTACT I3 CRYOSTATIC *9 

COOLER 

S102 LAYER I2 
I7 

4 EXTRINSIC “ “ I SAMPLE 27 

0 \ SEMI- ,I, ____ __J a HOLDI' 
-s CONDUCTOR II 

' 1 ’ I ' 22 23 26\ VIDEO 
BID’RECT'ONAL TRANSPARENT N+ '5 ‘ OUTPUT 

DRIVE CONTACT I4 8 
PULSE IR .16 I9 24 

I ~ ~ 25~ ~ I 

16 T T L 
“LI-:2] 

20 ~ lNggg?gg-ml REsrgI'IgIirIoN “28 
SOURCE 

FIG.2. ' 

No IR ILLUMINATION WITH IR ILLUMINATION 

INTEGRATION ---—I_ -—------ 

CONTROL 2/ ~36 . ~37 
SOURCE 

I7 CHARGE ACCUMULATION : 
BIDIRECTIONAL -_L_--_--_I I_____-_ -.._..__. 

____I_____ 
DRIVE CHARGE "30 "3' I 
saunas I INJECTION ' I I 

| I : 
l 
I I I 
I I #4! ~42 

SAMPLE . _ __ _ 

PULSE I I I 
' I 
' I | 
l I --- - 

0. c. RESTORE I ~43 ~44 
| I 
I I 
I l 
I 
I 
I SENSOR 

OUTPUT ____ 

CURRENT V32 Va‘ 
I 40 

VIDEO SIGNAL as I "' ' 39 

AT 22 OUTPUT I 

' VIDEO 

OUTPUT - — — - 9- - — - - - --I-—-------——————-L____ VIDEO I I 



Shect 2 of 3 4,004,148 

VACUUM 

N STREET 
COLLEOS‘TOR 

MI 

I 
TRANSPARENT EL EC‘TRODE 

COLD APE R TURE 

////i. V/// // \ 

' 3 

71. R. wmuow 

Fl G .7. 

as 

\m\ /m=== 
1m» 40 

m/ 

38’ 

42\ 

VY 

Jan. 18, 1977 

E X TRINSIC SEMICONDUCTOR 

U.S. Patent 

LR. sewson —% 



U.S. Patent J'an.l8,1977 _Sheet3of3 4,004,148 

F|G.4A. + I3 F|>G.5A. 

I ' ' ENERGY BAND AT ' conoucnou BAND 
0x105 SEMICONDUCTOR 2 W5 9g) } INTERFACE EDGE NC) 

I 2 2 I 
I 

I4 , 

SURFACE _ ," QUASI FERN! 
f '8“ “I9 POTENTIAL ' . I ’ LEVEL (5,) 

BARRIER ' ,1’ 

=' M5) _ : NE TRAL BUL 
- u ‘ x 

SPACE - -» 
CHARGE | wn'u ems FIELD 

FIG.4B. + ,3 "56'0" , 
0x10: SEMICONDUCTOR 

2 e 9 9 9 ' CHARGE AccuMuLATIon 
Q Q5 

l ‘<5 ‘5 FIG..5B. 
I4 J9 — ' Va 

18» f es{ F 
e -—- -—--——--—--—-—-—- n 

_____ 0x10: samcououcron 

sromaa ems REMOVED‘ 

Fl G ‘4C a FIG..5C. 

‘ I 

'4 3b 
/ ‘I9 

OXIDE SEMICONDUCTOR 

CHARGE ‘INJECTION 

FIG.6. ammsc TIONAL 
sens: 1.1m: DRIVE ' PULSE 

N+ CONTACT 

\ 
TRANSPARENT ~+ cou TACT 

2 
Z 



1 

ACCUMULATION MODE CHARGE INJECTION 
INFRARED SENSOR 

The Government has rights to this invention pursuant 
to Contract No. F0470l-73-C-0407 awarded by the 
Department of the Air Force. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: \ 
The present invention relates to semiconductor infra 

red sensors, and to radiation sensors using the charge 
injection principle. 

. 2. Description of the Prior Art: 
Extrinsic photoconductivity in silicon doped with 

group IV or group V impurities has been reported by a 
variety of workers, one of the earliest references is E. 
Burstein et al., Phys.Rev.89,33l( 1953). Extrinsic pho~ 
toconductivity in germanium doped with various impu» 
rities has been reported as early as 1954 by E. Burstein 
et al., Phys.Rev.93,65(l954) and an extensive article 
was published by Newman and Tyler in Solid State 
Physics, V.S. Academic Press 1959. 
Radiation sensing devices for use singly or in arrays 

using metal oxide semiconductors have been described 
in US. Pat. No. 3,786,263, entitled “Method and Ap 
paratus for Sensing Radiation and Providing Electrical 
Read Out,” the invention of Gerald Michon and as 
signed to the Assignee of the present invention. Related 
patents are US. Pat. No. 3,877,057 of William E. En 
geler, US. Pat. No. 3,882,531 of Michon et al, and US. 
Pat. No. 3,890,500 of Charles W. Eichelberg et al., all 
of which are assigned to the Assignee of the present 
invention. It has also been proposed to apply charge 
coupled radiation sensor devices to infrared sensing. 
Such an application is discussed in an article by An 
drew J. Steckl, et al., entitled “Application of Charge 
Coupled Devices to Infrared Detection and Imaging,” 
appearing in the Proceedings of the IEEE, Vol., 63, No. 
1, January 1975, pages 67-74. An accumulation mode 
charge coupled device is described in an article by 
Richard D. Nelson, entitled “AccumulatiomMode 
Charge-Coupled Device,” appearing in Applied Physics 
Letters, Vol. 25, No. 10, 15 November 1975, pages 
568-570. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an improved sensor for infrared radiation. 

It is a further object of the present invention to pro 
vide a novel IR sensor employing charge injection. 
Those and other objects of the present invention are 

achieved in accordance with the present invention in a 
novel sensor for infrared illumination comprising a 
semiconductor substrate of doped semiconductor ma 
terial upon which the IR illumination impinges creating 
mobile majority carriers and immobile sites of opposite 
charge, and a thin insulating layer applied to one sur 
face of the substrate. Electrical contacts are applied to 
the insulating layer and to the remote surface of the 
substrate. Cryogenic means establish the semiconduc 
tor at a temperature providing inadequate thermal 
energy to ionize the dopant centers. Typically, the 
substrate contact is IR transparent. A source of bidirec 
tional pulses is provided, coupled to the contacts. The 
?rst polarity is for accumulating mobile photon in 
duced majority carriers at the oxide~semiconductor 
interface, while the reverse polarity is for injecting 
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charges stored -at the oxide-semiconductor interface 
into the second electrical contact. In one form of the 
invention the semiconductor material is N type, and the 
majority carriers are electrons. 

In accordance with another aspect of the invention, 
readout of injected current may be provided by a third 
contact‘ on the same surface as the insulating layer. 
When the sensor is used in an area array, the third 
contact bounds the‘sensor, and precludes interaction 
between adjacent sensors. When an area array is em 
ployed, the contact on the insulating layer is split to 
permit its use‘ in the'two coordinate address of the 
individual cell. 

BRIEF DESCRIPTION OF THE DRAWING . 

The novel‘ and distinctive features of the invention 
are set forth in the claims appended to the present 
application. The invention itself, however, together 
with further objects and advantages thereof may best 
be understood by reference to the following description 
and accompanying drawings in which? 
FIG. 1 is an illustration of a 'novel metal oxide semi 

conductor IR‘sensor including the operating circuit. 
The novel sensor, which is usable as a cell in a linear 
array has two electrical contacts for the accumulation 
of photon induced charge carriers. 
FIG. 2 contains the electrical waveforms applied to 

and derived from the sensor of FIG. 1 in the IR sensing 
process. 
FIG. 3 is a view of the under portion of a cryostat 

suitable for operation of the IR sensor; . 
FIGS. 4a, 4b and 4c illustrate the operating sequence 

of the IR sensor including interaction with IR illumina 
tion creating‘ mobile and immobile charges, charge 
accumulation and charge'injection. ' 
FIGS. 5a, 5b and 5c are energy band diagrams appli 

cable respectively-lto charge accumulation, a hypotheti 
cal condition with no external bias, and charge injec 
tion. . ,. I . _ 

FIG. 6 illustrates a second embodiment of the inven 
tion in which the IR sensor is intended as a cell‘ in a 
linear array and has a‘separate peripheral contact for 
cell isolation and charge injection. 
FIG. 7 illustrates a third embodiment in which the IR 

sensor is a cell in an area array, having two insulated 
contacts for x and y cell address‘, and an additional 
peripheral contact for charge injection. 

‘DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1 there is shown a novel metal-oxide-semi 
conductor (MOS) IR radiation sensor 10 subjected to a 
cryogenic environment and connected in an operating 
circuit. The IR radiation is shown at 8 impinging on the 
under surface of the sensor. The cryogenic environ 
ment is provided by a cryostatic cooler, shown as block 
9. The cooler 9 has a heat removal path to the sensor 
symbolized by the dashed line interconnecting them. 
The cryostat is best illustrated in FIG. 3. The sensor 10 
is shown with broken lateral surfaces to imply that the 
sensor is a single cell in an array of like cells. The sen 
sors herein disclosed may be used singly, in linear, or in 
area arrays. . 

In accordance with the invention, the novel sensor 10 
is a charge injection device operating in the accumula 
tion mode. It is shown‘ in FIG. 3 in its simplest, two 
contact form, suitable for use singly or in a linear array. 
The: sensor is shown in a cross-sectional view in which 
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the thickness dimensions are exaggerated for clarity in 
illustrating the individual layers. The sensor comprises 
a substrate 11 of extrinsic n-type semiconductor mate 
rial; van insulating layer 12 of. thermal oxide (SiO2) 
covering the upper surface of the substrate; a gate 
contact 13 overlying the SiOz layer 12; a thin transpar 
ent contact 14 of degeneratively doped (N+) material 
on the under surface of the substrate to which a lead 15 
is bonded. The gate contact 13 is connected to one 
terminal of the source 16 of bidirectional drive pulses. 
The bidirectional drive pulses are illustrated at 17. The 
sensor lead, 15 is connected to one terminal of an inter 
grating capacitor 18. The other terminal of capacitor 
18 is connected to the other terminal of the pulse 
source 16 to complete the drive circuit and both termi 
nals are grounded. A MOSFET switch 19 is provided 
having its source and drain connected across the capac 
itor l8, and its gate coupled to an integration control 
pulse source 20. The integration control pulse, shown 
at 21, controls the MOSFET 19 so as to allow the inte 
grating capacitor 18 to integrate sensor output current 
or to remain uncharged. The integrated sensor output 
current may contain the integrated displacement cur 
rent due to the parasitic capacitance of the sensor as 
well as current due to injected charges accumulated in 
the sensor and arising from incident IR illumination. 
The integrated sensor output current available at 

capacitor 18 is coupled to a high gain, high impedance 
ampli?er 22, which ampli?es this signal to a power 
level adequate for further processing and in particular 
for time sampling to obtain any IR dependent compo 
nent. This sampling is achieved by a circuit including 
coupling capacitor 23, ‘which couples the ampli?ed 
output. from ampli?er 22 through a series switch 26 to 
a sample and hold capacitor 24, a shunt d.c. restoration 
switch 25 for periodically grounding the output of 23, 
and pulse sources 27, 28, which control sampling and 
dc. resration. As will be seen, the sample of the signal 
is taken after the effect of the parasitic capacity has 
been removed from the integrated sensor output to 
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40 
obtain a remainder equal to the IR dependent compo- r 
nent. The sampled “video” output waveform appears 
across capacitor 24, and takes the form of a series of 
unidirectional variable amplitude pulses. 
The, operation of the sensor and the isolation of the 

IR dependent component from the sensor output cur 
rent may best be understood by reference to the wave 
forms of FIG. 2. These waveforms (of which there are 
seven) are plotted against a common time scale with 
and without IR illumination. The waveforms at the left 
in FIG. .2 are for no IR illumination present, while those 
to the right are with IR illumination present. The inte 
gration control pulse is the uppermost waveform. Im 
mediately below it is the bidirectional drive pulse 17. 
The drive pulse entails a series 30, 31 of negative going, 
nearly rectangular pulses, which start from +4 volts, go 
steeply to —6 volts, hold at —6 volts for a brief period, 
and then return to +4 volts. (The voltage levels depend 
on the type of dopant and density). The duration of the 
drive pulse is of several microseconds with a relatively 
small duty cycle. 
The output current of the sensor 10 before and‘ after 

integration by capacitor 18 are respectively the ?fth 
and sixth waveforms from the top in FIG. 2. The non 
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integrated output current consists of a series of pairs of 65 
spikes of mutually opposite polarity. The pair 32, 33 to, 
the left show the sensor output current under the con 
dition of no IR illumination. Under no. IR illumination, 

4 
the sensor operates as a simple capacitor with no net 
charge after the drive pulse has ended. The “parasitic” 
capacitance of the sensor appears between the contacts 
13 and 15, ‘and the dielectric consists of the oxide layer 
and substrate in series, both acting as insulators. Thus, 
when the drive pulse 30 goes negative, a negative going 
differentiated spike 32 occurs simultaneously in the 
output current waveform of the sensor. When the drive 
pulse 30 goes positive, a positive going differentiated 
spike 33 occurs simultaneously in the output current 
waveform of the sensor. Both the negative and positive 
going spikes have substantially equal areas and ampli 
tudes in the non-illuminated state. The integrated 
waveform at capacitor 18 is shown immediately below 
the non-integrated sensor waveform in FIG. 2. The 
integrated output immediately assumes a ?xed negative 
value upon the occurrence of the negative going spike 
32. This value is held until the positive going spike 33. 
When both spikes are integrated by capacitor 18, due 
to their equality, no net charge is produced, and the 
capacitor returns to its prior substantially zero volts 
condition. The video output, which is sampled after this 
point, as will be described, is also zero. 
When the sensor is subjected to IR illumination, how— 

ever, the unequal pair of spikes 34, 35 at the right side 
of the sensor current waveform are produced and the 
integrated sensor output re?ects the difference. In par 
ticular, the negative‘ going spike 34 at the negative 
going leading edge of the drive pulse 31 is of increased 
amplitude and area over the other spikes, and the in 
crease in size of the spike 34 is in proportion to the 
amount of IR illumination. This increase in spike size, 
as will be explained, is due to the IR induced charges 
previously accumulated at the oxide. semiconductor 
interface of the sensor, and now injected into the 
contact 14, and coupled to integrating capacitor 18. 
The positive going spike 35, which occurs at the posi 
tive going trailing edge of the drive pulse is equal to the 
area and magnitude of the spikes 32 and 33 occuring in 
a non-illuminated condition. The positive going pulse 
35, as in the non-illuminated condition, corresponds to 
a reversal in the charge of the parasitic capacity of the 
sensor. Because under illuminated condition, the nega 
tive going spike 34 is of greater area than the positive 
going spike 35, a net negative current flow takes place. 
The integrated sensor current for the illuminated 

condition is illustrated in curves 39, 40 of FIG. 2. The 
integrated current, as in the non-illuminated condition, 
quickly assumes an amplitude set by the negative going 
spike 34. Since spike 34, at which IR induced current 
injection occurs, is larger than before, the integrated 
current pulse is also larger than before, as shown at 39. 
The pulse 39 continues at a ?xed voltage until the end 
of the drive pulse 31. At the end of the drive pulse 31, 
the “parasitic” capacity of the sensor is discharged 
creating the positive going spike 35. The current spike 
35 causes a steep drop in the integrated sensor output 
current to a non-zero value. The integrated voltage falls 
through a range equal to the amplitude of the pulse 38 
(typically 3 volts) and the back porch 40 that remains 
differs from zero conditions by 1 volt or less. If this 
back porch is sampled, one may obtain a measure of 
the IR induced current, accumulated in the sensor and 
then injected into the capacitor 18. 
The sample and hold circuit samples this “back 

porch”. and the charge on capacitor 18 is then released 
preparatory to taking the next IR reading. A summary 
of the operation including the sample and hold cir 
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cuitry is as follows. The negative going integration 
control pulse (36, 37) opens switch 19, allowing capac 
itor 18 to float, and thus integrate any charge from-the 
sensor 10. A brief instant after ‘the'integration control 
pulse (36, 37) starts, :the bidirectional drive‘pulse oc 
curs. The drive pulse, which "is negative (-6 volts), 
creates a ?eld across the substrate which is strong 
enough to drive out charge previously accumulated at 
the oxide-semiconductor interface as a result of IR 
illumination. This processis. called injection. The in 
jected charge, including parasitic charge, is applied to 
capacitor 18. The end of the injection pulse reverses 
the ?eld and attracts a new parasitic charge, allowing 
one to take away from the total charge on capacitor 18, 
the amount due to parasitic capacityfThe remainder or 
back porch 40 is thus equal to the IR induced injected 
charges. The voltage 40 appears for a brief time at the 
input to ampli?er 22, which couples it to capacitor 23. 
Sampling switch 26, now made conductive, couples the 
signal from capacitor 23 to the sample and hold capaci 
tor 24. Switch 26 is'turned on by pulses 41, 42, which 
occur just after the injection pulse has terminated. A 
moment later, the integration period terminates, with 
switch 19 becoming conducting, shorting capacitor 18. 
Simultaneously, the sampling period terminates,‘open 
ing sample and hold switch 26, and the d.c. restoration 
switch 25 becomes conductive, controlled by pulses 43, 
44, discharging capacitor 23. ‘ c 

In a practical embodiment, the sensorsubstrate is 
from_.004 to .020 inches in thickness and may be con 
stituted of silicon or germanium. In silicon, typical 
dopants are bismuth‘, _or aluminum, ‘gallium or arsenic 
introduced to an impurity .level of from 5 X 10l6 to 4 X 
10‘.7 atoms per cc. A compensating or counter dopant is 
also added to a: level of less than 10".‘ atoms per cc 
(typically 5 X 10'”); Theth‘ermal oxide layer 12 is from 
1000A to 2000A iii thickness. The gate metallization 
13 is from 1 to 11/2 rnicrons'in thickness. It may be of 
molybdenumfgold or aluminum and it is vapor depos 
ited on theminsulating layer 12. The sensor may be of 
square outline with dimensions of 0.001 X 0.001 inches 
or larger. The underlying N+ contact layer “is pro 
duced by a concentrated short term. prede‘position of 
phosphorous: The nominal depth is less than 1,000A. 
FIG. 3 illustrates the under portion of e a ‘cryostat 

suitable for the IR sensor. A three wall metal Dewar 
?ask using- boiling liquid helium as thecoolant and 
having a.nominal temperature of 5°‘Kelvin is shown. As 
will'b‘e explained, dependent on thesensor design, the 
desired operatingtemperature may fall in the range of 
from 5".‘t‘o 50°. K. The ?rst wall of the flask is the outer 
wall 31, which de?nes the outer pressure barrier be 
tween. the outside air‘at atmospheric pressure and the 
evacuated interior of the ?ask. The second wall is an 
interior wall‘ 32 into which the liquid helium is poured 
and which‘ is a re-entrant inner. pressure barrier be 
tween the free boiling helium, normally at atmospheric 
pressure and the evacuated interior of the flask. The 
third wall is an intermediate wall‘33 situated within the 
evacuated interior of the ?ask which acts as a radiation 
shield between the outer 31 and inner 32 walls. The 
bottom 35‘ of the. inner _wall.is designed to provide good 
thermal contact to the liquid helium and good contact 
to the IR sensor, shown at 36, by means of a “cold 
?nger” 37 in contact with both. The radiation shield 33 
surrounds the IR detector 36 except where it is pene 
trated by the “cold aperture” shown at 38. The aper 
ture 38 is located at the end of a necked extension 39 
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6 
of the radiation shield 33 containing one or more radia 
tion. baf?es ‘40. The cold aperture 38 provides the 
opening of the radiation shield through which IR radia 
tion is admitted<for impingement on the IR detector 36. 
A filter4l may be provided across the aperture 38 to 
eliminate radiation of unwanted wavelengths. At the 
bottom of'the outer pressure wall 31 an infrared win 
dow ‘42 is provided in alignment with the “cold aper 
ture” in the radiation shield. The window is of an IR 
transmissive material such as IRtran (Kodak Company) 
and is of a construction suitable for withstanding atmo 
spheric pressure. The foregoing apparatus with known 
coolants and/or heat sources may be used to provide 
ambient temperatures from 5° to 50° K as, required for 
the sensors herein disclosed. 
The internal operation of the IR sensor device as an 

accumulation mode charge-injection device may best 
be understood by reference to FIGS. 40, 4b, 4c and 5a, 
5b and 50. FIGS. 4a, 4b and 4c_ illustrate the physical 
distribution of charge within the sensor. FIGS. 50, 5b 
and 5c are energy band diagrams illustrating the energy 
conditions "of the oxide semiconductor interface at 
different dc. ‘bias conditions. , . 

In FIGS. 4a, 4b and 4c the sensor 10 is assumed to be 
at a suitably .low cryogenic temperature as required for 
normal operation to preclude thermal ionization except 
for those which are IR induced. In FIG. 4a, the sensor 
is shown at the beginning of the charge integration time 
in which mobile electrons and immobile positive 
charge (ionized donor sites) are generated by the inci 
dent IR photons. Since the ,bidirectional pulse source 
16 is in a positive output state,.i.e., applying a positive 
potential to. the ggate contact 13, the mobile electrons 
are collected at the interface of the, gate 13. The elec 
trons arewaccumsulated cat‘ the contact 13,v while the 
immobile positive charge attracts electrons from the 
outside source 16 through the switch 19 which remains 
closed brie?y. The positive donor sites are then neu 
tralized by recombination with the electrons from the 
contact 14. ‘At the end of the charge integration period, 
the total charge (electrons) is accumulated at the 
contact 13, as shown in FIG. 4b; and the ionized posi 
tive charge is neutralized. Just prior to charge injection, 
the ‘switch 191 is opened. Then the negative charge 
injection‘ pulse is, applied to, the gate contact 13. This 
expels the stored electrons toward the contact 174, 
charging the capacitance 18, as shown in FIG. 40. The 
capacitance 18 receives a, negative charge in propor 
tion to ‘the number of electrons “accum‘ulated" and 
“injected” the] sensor. The current injection‘ pulse 
from source 16 is selected to provide s‘uf?c'ient energy 
to inject the stored charges into the capacitor 18. Once 
the capacitor“18 has received the injected charge, it 
integrates the charge, producing the waveforms illus 
trated in FIG. 2. The process then repeats. 
The energy band picture, with reference to the drive 

pulse, is shown in FIGS. 5a, 5b and 5c. At 5a, charges 
are‘ being’ accumulated at the oxide semiconductor 
interface. The positive condition of the drive pulse tilts 
the energy diagramv up to the right, attracting any free 
electrons to, the oxide semiconductor interface and 
increasing the energy required to free electrons from 
the interface. Should the drive pulse terrhinate‘and go 
to zero as hypothesized in F IG. 5b, the electrons would 
still be trapped. If however, the drive pulse is made 
negative, as shown in FIG. 5c, then the potential barrier 
is largely removed, and electrons are thereupon in 
jected into the external circuitry. 
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The charge injection accumulation mode lR sensor 
illustrated in FIG. 1 and generally discussed in the prior 
?gures may take other forms. One suchalternative 
form is illustrated in FIG. 6 in which a third electrode 
is provided on the same face of the semiconductor as 
the oxide layer. The sensor construction is generally 
similar to that in the FIG. 1 arrangement with the low 
ermost contact 52 being a transparent N+ contact on 
the undersurface of an N doped semiconductor body 
and a thin oxide layer 53 being provided on the upper 
surface. A second sensor contact 54 is provided on the ‘ 
top and center of the oxide. This contact is coupled‘to 
bidirectional drive pulse source 16' (corresponding to 
the source 16 used in the FIG. 1 embodiment). The 
novel third contact, which is used for signal extraction, 
takes the form of a square or circular band encircling 
the contact 54. The third contact consists of an N+ 
region 56 diffused into'the upper surface of the semi 
conductor, a metallization covering the region 56, and 
a bonded lead 58 applied to the metallization 57. Elec 
trical signal readout is derived from a switch 19’ and 
capacitor 18’ coupled to contacts 52 and 58 and oper 
ating in the same manner as illustrated in FIG. 1. The 
arrangement of FlG. 6 ‘permits the sensors to be ar 
ranged in close proximity to one another without inter_ 
ference between adjacent cells. . 
A third arrangement of the invention suitable for use 

in area arrays is shown in FlG.‘ 7. In this con?guration, 
a pair of insulating contacts 61 and 62 are provided 
over the oxide layer 63, while a “N street” collector, 
which is. in the form‘ of a rectangular grid surrounds 
each cell. The “N street” collector is normally at near 
ground potential, collecting injected electrons and pre 
venting interaction between adjacent cells in the array. 
The undersurface of the sensor is provided with an N~l'-‘ 
doped transparent electrode 65 through which IR radi 
ation passes into the sensor. ln this particular con?gu 
ration, the readout is provided by suitable energization 
of the electrodes V" and V4,. In particular, at a particu 
lar‘ start time all electrodes 61, 62 in the arrayare at a 
positive potential so as. to accumulate lR induced 
charges. In interrogating the cell, the potential on 62 
(V,,) is allowed to drop to zero forcing all the accumu 
lated electrons in the cell to collect under 61 which 
remains positive. A moment later the contact 61 is 
given a negative injection potential, injecting the stored 
electrons into the surroundingg collector 64.1 
With the invention has been described in connection 

with a substrate of N type semiconductor material, it 
should be evident that it can also be employed with P 
type material; While in N type material the majority 
carriers are electrons, the majority carriers would be 
“holes” in P type material. In that case, the transparent 
contact layer would be of P+ material, and the polari 
ties ‘of the applied drive pulse and the read-out currents 
would be reversed to those of the present embodiment. 
While the under electrode (opposite the insulating 

contact) has been made transparent to permit lR pene— 
tration into the substrate, the upper contact may be lR 
transparent instead. The illustrated arrangement is 
normally preferred since conductionruns on the. top 
surface reduce the percentage of semiconductor area 
that may enter into the radiation interaction. 

8 
The dopants selected and amounts used, the voltage 

. ‘and the optimum temperature will depend upon the 
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application. For high quantum ef?ciency, the devices 
shoulddsatilsfy the following relation: 

(1 > 

where d is the thickness of the IR sensing region, 
a is the reciprocal of the photon mean free path, 

which is in turn defined to be 
a = N, 0-,, ' 

where N,- is the un-ionized impurity concentration, and 
0-,, = photon capture cross section. As previously indi-‘ 
cated, N,- is temperature dependent. The temperature 
must be selected to be low enough to avoid ionizing the 
dopant centers. ln particular: 

kT < < E, 

where 
E,- = ionization energy of the dopant, 
T = temperature 1 

k = Boltzmann constant. 

What is claimd as new and desired to be secured by 
Letters Patent of the United States is: 

1. An infrared radiation sensor comprising: 
a. a semiconductor substrate of doped semiconduc 

tor material upon which [R illumination impinges 
creating mobile majority carriers and immobile 
sites of opposite charge, , 

b. a thin insulating layer applied to one surface of 
said substrate, 

0. a ?rst electrical contact applied to said insulating 
layer, ‘ 

d. a second electrical contact to said substrate, 
6. cryogenic means for establishing said semiconduc 

tor at a temperature providing inadequate thermal 
‘ energy to ionize the dopant centers, and 
f. a source of bidirectional. pulses. coupled to said 
contacts having a first polarity for accumulating 
said mobile photon induced majority carriers at the, . 
oxide-semiconductor interface and. a reverse 
polarity for injecting charges stored at the oxide 
semiconductor interface into said second electrical 
contact. 

2. The combination set forth in claim 1 wherein said 
semiconductor material is N type, and said majority 
carriers are electrons. 

3. The combination ‘as set forth in claim 2, wherein 
said second contact is applied to the surface of said 
substrate opposite said ?rst contact, and is transparent 
to permit the entrance of‘lR illumination into said sub 
strate. 

4. The combination as set forth in claim 3, having in 
addition thereto a third contact, in ohmic contact with 
said substrate and applied to the same surface of said 
substrate as said ?rst contact to which accumulated 
charges are injected for [R sensing. ‘ 

5. The combination as set forth in claim 4 for use as 
a cell in an array of like cells wherein said third contact 
bounds said second contact to preclude interaction 
between adjacent cells. 

6.‘ The combination as set forth‘in claim 5 for use as 
a cell in an area array of like cells, and wherein said 
?rst electrical contact on said insulating layer is asso 
ciatedwith row selection of the cell and having in addi 
tion thereto a second electrical contact on said insulat 
ing layer associated with column selection of the cell. 
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